Abstract: Infrastructure investment is currently enjoying great popularity among government as a strategy to handle the recent worldwide economic recession. However, the relevant literatures have yet to come to a consistent agreement on how infrastructures, especially that of transportations, impact economic growth. This paper investigates the effects of highway infrastructure on economic growth using spatial regression models estimated from the county data of Guangxi Zhuang Autonomous Region (GXZAR) in China from 1993-2007. The results indicate that relationships between initial highway infrastructure and economic growth can be positive, negative, or negligible. The spatial effects are also inconsistent. Impacts are stronger in near short-term but diminishing over times. We conclude that the highways are a necessary, but not a sufficient condition for economic growth. The highway impact depends on other factors as well. Improving infrastructure alone could not create a continued economic growth.
Introduction
Highway construction is a common-seen policy to stimulate economic development. The newly fiscal-stimulus package announced by Chinese Government in November 2008 includes plans to invest a huge amount of money on transportation infrastructures such as highways and railways. One may cast no doubt on the effect of policies crafted to improve the transportation system because of the common belief that improved transport infrastructures would always result in further development of the region as is the case with most urban areas. However, a clear answer to how the highways impact economic development has not been provided by existing literatures.
The role of highway infrastructures in economic development is usually inquired along with the study of the relationships between economic development and infrastructures. Solow (1957) provides a theoretical model to investigate economic development. The model predicts that economies of undeveloped regions grow faster. Barro and Sala-I-Martin (1991) gave empirical evidences for the Solow model. They found that the economies of low income states grow faster than the high income states in the United States of America; they conclude that there exists a convergence among states. Barro and Sala-I-Martin estimate that the speed of convergence is about 2 percent. However, Fujita and Hu (2001) argue that the convergence only happens for regions among the coastal provinces while a divergence exists between coastal provinces and inland provinces in China from 1985 to 1994. The economic convergence is conditional. At macro level across countries, Barro (1991) found evidence supporting convergence from 1960 to 1985. Barro reported that GDP growth rate relates to initial GDP and government expenditure negatively and significantly. However, the relationship between public investment and the growth rate in GDP was found to be insignificant. Barro's result thus implies that investment on transportation infrastructures may not impact economic growth.
Nonetheless, evidence supporting the proposition that the development of transport infrastructures play a role in economic development also exists. Demurger (2001) reported that infrastructures produce an impact on economic growth. Bougheas, Demetriades and Mamuneas (2000) also found that infrastructure (transportation and communication) has a nonlinear relationship with economic growth. Furthermore, Berechman, Ozmen and Ozbay (2006) studied the contribution of highways to economic activities in the difference geographical scales in USA. They found that the contribution of highways declines and the spillover increases when the geographical scale decreases. The effect of highways on economic development can also be examined in terms of economic factors such as input costs and population. Cohen and Paul (2007) estimated the highway impact on the shadow values and input costs and found SAR(R) is more efficient method of estimation compared to SUR. Chi, Voss and Delle (2006) also reported that the construction of highways has an impact on population. A review on the debates in literatures was carried out by Button (1998) ; this review led to a conclusion that the findings from previous research have not provided a conclusive answer as to the role of transport infrastructure on endogenous growth. This paper investigates how initial highway condition impacts the economic growth in the later periods. The relationship between the economic growth and the highway is investigated based on the Solow model, assuming the existence of spatial dependent. Spatial models are used to test the hypothesis that the highway densities have an impact on the regional economic growth and the impact varies over different periods. The other hypothesis can be tested by the models is spillover effect of highway infrastructures. The dataset for parameter estimation includes data of 89 counties of Guangxi Zhuang Autonomous Region in China from 1993 to 2007.
The next section of the paper provides the exploratory spatial data analysis (ESDA). The theoretical model and empirical model will be given in section III. In section IV, the estimated results are discussed. The conclusion is made in section V.
Data and Spatial Analysis

Dataset
The dataset is collected from the statistic year-books of Guangxi Zhuang Autonomous Region in [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The data of 1995 are not included for the reason of non-availability. The dependent variable is the average GDP growth rates over thirteen periods, which are 1993-1994, 1993-1996…, and 1996-1997, 1996-1998…, 1996-2007 . The independent variables are the initial conditions of highway densities and other control variables in 1993 or 1996. The results of the exploratory spatial data analysis (ESDA) of the key variables are provided next. 
The Spatial Distributions of GDP Growth
Understanding the spatially distributed pattern of GDP growth rates is great helpful for us to build an appropriate model. Before we go into the major steps to analyze the cluster and the spatial dependency, we first investigate the structure of the spatial weight matrix.
A weight matrix has to be chosen before the ESDA. However, no theories are available to specify the structure of the weight matrix. For the purpose of this paper, the economic growth may be influenced by all neighbor regions because they are connected by highways. We consider the queen matrix and the nearest k matrix.
The Moran's I of dependent variable for different periods, using different weight matrixes, are graphed in Figure 1 . A pattern can be seen in the Figure 1 is that the magnitudes of Moran's Is are declined as the farther neighbor counties are included in the weight matrix. The Moran's Is computed from nearest-3 matrix are higher than that from nearest-5, which are in turn larger than that from nearest-7. Similarly, the Moran's Is from queen-1 matrix are larger than that from queen-2. Also in Figure 1 , the variation of Moran's Is over periods are similar regardless of the differences of the weight structures. Interestingly, the Moran's Is of nearest-3 are almost the same as queen-1. In this paper, the spatial model will be based the queen-1 neighbor matrixes.
A very important implication of Moran's I is to analyze the spatial dependence. Figure 1 indicates that the spatial dependences of the GDP growth rates increase quickly in short term, decline slightly in mid-term, and then climb up in long term. It is reasonable for the spatial dependence of economic growth in long term causing by the interaction among regions. However, the decline in the mid-term is puzzling. This may be explained by that economic activities are immediately stimulated by an improvement of infrastructure and then calm down by rational sense. Next we will investigate the distribution pattern of GDP growth.
The spatial distribution of the average GDP growth rate over 1993-2006 is shown in Figure 2 . The higher-growth-rate counties are concentrated in the northeast and west areas. They also distribute along with the railways or the expressways. On the other hand, the lower-growth-rate counties are those in the southeast and the mid-north areas. This can be also seen in Figure 3 by LISA. There is a cluster of high-high growth rate in the west, a cluster low-low growth rate in the southeast. The Temporal and Spatial Effect of Highways on China's Economic Growth
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And a cluster of high-high highway density is in the southeast. The highway densities seem related to GDP growth negatively. 
Economic Model
Theoretical Model
Economic factors can be divided by their liquidity into two categories-the liquid and the fixed factors. The liquid factors, such as labor and money, move to the regions or economic sectors of higher economic returns. The fixed factors, such as infrastructures and natural resources, are bound to a region. For a specific region, the economic development is easier to seen variation with the flow of liquid factors. However, the fixed factors are usually monotonic. Therefore, the relationship of infrastructure like highways to economic growth is harder to be identified.
Among the infrastructures, highways are the one that increases monotonically. Unless in an extreme case such as earthquake, the physical amount of highways in a region is never declined. Thus, in certain regions, the highway densities may either remain unchanged or grow. Furthermore, once a highway is constructed, it exists for a long time. Highways may be upgraded or improved so that they continue to serve economic development. Finally, highways are public goods. Though a fee may be required to use certain segments of highways, most of highways are open to public. These features allow highways produce a different impact on economic development.
The impact of highways on economic development can be both temporal and spatial. The time impact of highways is derived from that they serve the economic activities in all times and the impacts usually are through other economic factors. The investment of highway construction is an economic activity, which influences economic development in the same way as other investment such as increase the employment and income. However, after constructed, the physical highways are not an investment but a public good that serves for years. It becomes a necessary environment for economic activities. Only if the improvement of highway condition is realized, the other factors are mobilized into the region and take the advance of the improved highway services. The impact of the highways depends on the performance of the liquid factors after constructed.
In spatial dimension, the impacts of public infrastructures are not confined only in the local regions. The highways facilitate the economic activity such as trade and mobility of economic factors such as technology, labor, and capital by reducing transportation costs. The economic dependency among regions increases. Meanwhile, the economic opportunities created by highways also affect the neighbor regions.
The temporal and spatial lag impacts of highways have to be considered in economic model. Let H represents the quantity of highways in a region or the neighbors. Y is the output. The production function is given in the following form.
(1) Where, β is parameter. t is the time period. s is a constant and the highest effect of highways is obtained at the period s . The term (s-s/t-t) captures the variation of highway effect over times. When t is small, the whole term is negative and the impact of highway is small. When t = s, the term is 1 and the highway has full impact.   . f is the production function of other non-fixed asset factors K and L and is supposed not vary over time period. Therefore,
,
(2) The function can be rearranged as
Taking log and divided by t of both sides, derive ⁄ / ⁄ ⁄ 1 (4) The left hand side is the average growth rate. On the right hand side, let ⁄ ⁄ 1 which is the coefficient of highway. It can be positive or negative and varies along with the time. The null hypothesis for test is 0 : a=0 H If a = 0 is rejected, economic growth is affected by highway construction. Testing the significance of the coefficient for the highway density in the region or the neighbor region equals to test the highway effect and spillover effect. The sign of the coefficient indicates the direction of impact. A positive sign means that economy benefits from the highways construction. In contrast, a negative sign indicates that the economic activities are drained away.
Empirical Model
The spatial dependence of dependent variable causes bias if empirical model is estimated by OLS. The Moran's Is of GDP growth rates, shown in section II, imply that the existence of spatial dependency is very possible. The major source of spatial dependence is the interaction of neighbor economic activities which is promoted by the improvement of transportation and information infrastructure. This paper focuses on the effect of highways. The spatial effect of highway density is presented by the spatial lag of highway density. However, the highway may be not the only source of the spillover. A spatial lag of the dependent variable is also added into the equation.
Where, y is the average growth rate of GDP over a period of time. H is the highway density. wy and wH are the weighted growth rate and highway density. i represent the regions and j is the neighbor regions (i≠j). H j is the average highway density of neighbor regions. e is the error term. a and b are the parameters. X is other control variables included the initial GDP, investment, human capital, and other control variables such as other means of transportations.
Estimations and Discussion
The estimated results of empirical models are shown in Table 2 . We investigates the impact of Highways based on the initial endowment in 1996 (96 models) because the continuity of the available data. The results are also compared to that based on the initial endowment in 1993 (93 models), 1997 (97 models), and 1999 (99 models). The dependent variables for different models are the average GDP growth rate over different periods.
Comparing the results of different models allows us to understand how highways impact the economic growth rate over periods. Furthermore, the models provide us evidences to investigate the spatial effect. Next we will discuss the specification of the spatial models and then the direct effect and spillover effect of highways. At the end, the results of control variables are provided.
Spatial Model Specification
The results from OLS in table 2 provide evidences to specify the spatial model. The first step is to determine the existence of spatial dependence. The Moran's I, LM of the error term, and the LM of lag term are statistics to diagnose for spatial dependence. The Moran's Is of the error term in Table 2 indicate the spatial dependences are various but significant over periods. Hypothesizes of independence are rejected for all periods except the last. The Moran's Is increase in short term and then reduce as the period become longer. Beside the shortest and longest periods, the LM-lags and LM-errors are significant. This means that both the lag and error terms are the sources for the spatial dependence for the GDP growth rate and then the OLS models are bias. The bias of spatial dependent model should be corrected by an appropriate model. 1996-1997 1996-1998 1996-1999 1996-2000 1996- Note: * presents significant at 10 percent level; ** presents significant at 5 percent level; *** presents significant at 1 percent level. 1996-1997 1996-1998 1996-1999 1996-2000 1996-2001 1996- Note: * presents significant at 10 percent level; ** presents significant at 5 percent level; *** presents significant at 1 percent level.
The candidate models include the spatial lag, the spatial error and SARMA models. Shown in Tables 2, 3 and Appendix A and B, we find that SARMA model is the appropriate model to investigate the highway impact. The OLS model shows the LM-lags are always larger than the LM-errors except the early period of 1996-1997. This implies the spatial lag models are preferred to the spatial error models. However, the tables in appendix A and B indicate the both spatial lag and spatial error do not completely solve the problem of spatial dependence. Although the Moran's Indexes of the residuals in these two models are all small and insignificant, the likelihood ratio tests are all significant, showing that the certain degree of spatial dependence still exists. As shown in Table 3 , the SARMA models give higher the log-likelihoods and smaller value of AICs and BICs. The likelihood ratio tests show that the SARMA model yield a better results in solving the problem of spatial dependence though not completely. Therefore, this paper investigates the impact of highways based on the estimated results of SARMA model.
The Highway Effect
The interesting findings are the positive and diminishing effect highway density on the economic growth. As shown in Table 3 , all coefficients of highways density are positive and diminishing. Most of coefficients are statistically significant except the periods of two years and longer than eight years. The coefficient of the two-year period is very close to significant criterion of ten percent. With these results, we are able to investigate the highways density impact on the economic growth both in scale and time.
Magnitude of impact is large in the near term and diminishes until dies off. For near next year, the contribution of highways for an average highway density county (0.1768 kilometer per square kilometer) is unbelievable high. However, it declines down to about 91 percent GDP growth rate in the first two year period and then reduces gradually to about 5 percent GDP growth in the period of 1996-2004. The contribution continues to diminish and the impact becomes statistically insignificant in longer periods. These results clearly indicate the pattern of highway impact on GDP growth. Across the space, the higher highway density a region has today, the higher GDP growth rate will be in following short periods. The highways do not have long time impact.
As discussed above, highways are a necessary factor for economic growth. They provide an improved environment for economic activities. Whether not the improved environment improved by highways becomes a real economic growth depends on some other factors. Better transportation condition may draw other investments, the effect of transportation infrastructure depends the investments. Based on this consensus, the results above might hold for every case. Table 4 shows the coefficients of initial highway density in 93 models, 97 models and 99 models. The results do not support the findings of 96 models. In 93 models, the coefficients are negative and statistically significant after 2003. All coefficients in 97 models are negative and statistically insignificant. In 99 models, the coefficient of the first period is negative and statistically significant. The coefficients of other periods are all statistically insignificant but positive or negative. It is difficult to make an inference for these conflict results. However, two patterns seem observable. The magnitudes of the coefficients are diminishing. The other is the significant coefficients seem continue for a period of times. We suspect this is the consequence of average. That is, the potential of highways only result in economic growth in certain year. Then the significant relationship among the highways and growth rate is spurious. Note: * presents significant at 10 percent level; ** presents significant at 5 percent level; *** presents significant at 1 percent level。
To verify the real impact, the initial highway densities are regressed to the growth rates by years. Results indicate the highway density in 1993 and 1996 only relate significantly to the GDP growth rate of 2003 and of 1997 respectively. This result confirms that highways are a necessary condition for economic growth but not a sufficient condition. Highways construction itself produces a stronger impact on near term economic. This impact may be significant or insignificant. The impact diminishes in times.
The Spillover of Highway
No strong evidences support the existence of spillover effect. The results of 96 models in Table 2 show the average highway density of neighbor counties have negative and statistically significant coefficients for some periods. However, only the coefficient of the first period of weighted highway density is positive and significant in 94 models in table 5. All coefficients in other models are insignificant and not consistent signs are found. Note: * presents significant at 10 percent level; ** presents significant at 5 percent level; *** presents significant at 1 percent level
The Effect of Other Variables
The results also allow us to investigate effect of other variables. First, as the prediction of Solow model, the initial economic level (GDP) is found to have negative impact on economic growth in long periods. The fix asset investment is also found to require time to have significant impact on economic growth. The coefficients are positive and significant in short term and insignificant in long term. Their magnitudes decrease in times. Both proxy variables for education, measured by the ratio of middle school students to primary school students, and for Health service have positive and statistically insignificant coefficients. The effect of population density is negative and insignificant in both short and long periods. The effect of railway is positive but insignificant.
The coefficients of the dependent lag are positive except the first period, and significant in both long periods. The economic growths in neighbor counties produce positive spillover. Their magnitudes vary in the same pattern as the Moran's I of the dependent variables, implying the term captures the spatial dependence.
Conclusion
Spatial dependences of economic growth are found in county-level data of Guangxi Zhuang Autonomous Region in China. The OLS estimator is bias in the estimation of highway impact. SARMA models are used to correct the bias. The empirical results show that the effects of the highways on economic growth are inconsistent. The signs and the significances of the coefficients vary with times and the initial conditions. That is, the impact of initial highway densities can be positive or negative and can be significant or insignificant. No strong evidences indicate the existence of highway spillover effect. However, the magnitudes of the highway impacts and spillover effects are all large in short term and diminishing in time. These results are determined by the property of highways as a public good.
Highways are a public infrastructure that increases monotonically while economic growth can fluctuate. The impact of highways can be two folds. The construction of highways is a part of investment so it can produce a sort term impact on economic growth. The sort term impacts are direct and stronger. Then direct impact will die out in times. On the other hand, the service provided by the highways is a necessary condition but not a sufficient condition for economic growth. Therefore, the impact of highways is obtained through the performances of other factors. The spatial effects from highways in neighbor regions could not be directly and are long term. Similar to the highways inside the region, the spillover effect of neighbor highways are derived from the performances of other economic factors. The signs of the impact cannot be deterministic and depend on the movement direction of other economic factors. 1996-1997 1996-1998 1996-1999 1996-2000 1996-2001 1996-2002 1996-1997 1996-1998 1996-1999 1996-2000 1996-2001 1996- 
Independent Variables
